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REDUCTION AND ADJUSTMENT OF WATER YEAR 1988 AND WATER YEAR 1989 
PRECIPITATION DATA FOR LAKE MICHIGAN DIVERSION ACCOUNTING 
Randy A. Peppier 
INTRODUCTION 
The volume of water diverted from Lake Michigan into the state of Illinois is 
monitored to ensure that the diversion does not exceed a long-term average of 3,200 cubic 
feet per second (cfs) as imposed by the U.S. Supreme Court Order of 1967, which was 
updated in 1980. This diversion has a long history, dating back to the mid-1800s with the 
completion of the Illinois and Michigan Canal. It has been affected over the years by such 
events as the reversal of the flow of the Chicago River and completion of the Chicago 
Sanitary and Ship Canal in 1901, and has weathered various legal proceedings this century, 
which attempted to ensure that the diversion could be monitored and did not exceed certain 
limits. One of the key components of the monitoring procedure, administered by the U.S. 
Army Corps of Engineers (COE), Chicago District, is the accurate representation of the 
precipitation that falls over the Chicago/Cook County, Illinois region. 
The primary components of Illinois' diversion from Lake Michigan are as follows: 
(1) water supply is pumped directly from Lake Michigan and discharged into the river and 
canal system in the greater Chicago area as treated sewage; (2) storm runoff is discharged 
from the diverted watershed area of Lake Michigan, draining to the river and canal system; 
and (3) water enters into the river and canal system directly from Lake Michigan. 
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The storm runoff from the Lake Michigan watershed basin enters the combined 
sewer systems and watercourses. The combined sewers mix sanitary systems with the runoff, 
and this water then goes to the treatment plants, or, during major flood events, is surcharged 
into the watercourses. When large storm events are predicted (and greater than normal 
storm runoff is anticipated), the canal system is drawn down prior to the event to prevent 
flooding. If the event fails to materialize, canal system levels are restored using a direct 
diversion from Lake Michigan through one of three facilities located along the shoreline 
(Chicago River Controlling Works, O'Brien Lock and Dam, and the Wilmette Controlling 
Works). 
There are two methods by which diversion is computed. The first involves the direct 
measurement of diversion flow at Romeoville, Illinois, as measured by an acoustical velocity 
meter. Flow at Romeoville consists of both diversion and nondiversion flows (deductions). 
The theory behind diversion accounting is to use the flow at Romeoville and deduct from 
it flows not attributable to diversion. Diversion flows that bypass Romeoville are added to 
the resultant flow, yielding a net computed diversion of water from Lake Michigan. The 
deductions to the Romeoville record include runoff from 217 square miles of the Des 
Plaines River watershed that is discharged into the canal, groundwater supply whose effluent 
is discharged into the canal, and Indiana water supply that is discharged to the canal via the 
Calumet River system and the Calumet Sag Channel. 
The second method estimates diversion by adding the Lake Michigan water supply 
pumpage, direct diversions from Lake Michigan, and runoff from 673 square miles of 
diverted Lake Michigan watershed. This computation is performed as a means of cross-
checking the first method. 
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In both of these procedures, it is necessary to estimate runoff from the Des Plaines 
River and the Lake Michigan watersheds. Since a significant portion of this area is not 
gaged with respect to water flows, runoff is estimated through hydrologic simulation. Inputs 
into the simulation model consist of land-use and climatological data. Of the latter, the 
most significant is precipitation data. 
Accurate precipitation data, thus, are essential for properly simulating the runoff 
process. Runoff can be a substantial portion of the diversion. For example, in Water Year 
1984 (a water year extends from 1 October through 30 September of the following calendar 
year), runoff from the Des Plaines River watershed constituted a 196.5 cfs (5 percent) 
deduction from the Romeoville measurement record in the diversion computations. In the 
verification computations, the Lake Michigan watershed runoff constituted an 829.0 cfs (27 
percent) deduction from the total diversion. 
However, the precipitation data available for use in the accounting procedure in 
recent water years (1984-1987) have displayed patterns inconsistent with known, long-term 
Chicago-area patterns (e.g.,Changnon, 1961; Changnon, 1968; Huff and Changnon, 1973; 
Vogel, 1988, 1989, 1991; Peppier, 1990). These patterns also diverge from the known urban 
effects found within the isohyetal patterns for the Cook County region for heavier rainfall 
distributions from 1949-1974 (Huff and Vogel, 1976), particularly towards the south. The 
recent unusual patterns have been caused by abnormally low precipitation totals at a select 
number of the sites used by the accounting procedure (Figure 1), as compared to others in 
the Chicago and northeastern Illinois region (Figure 2). Inspection of these sites (see Vogel, 
1988, for a complete description of these sites and their problems), which are irregularly 
distributed over the region, revealed that the low totals were caused by 1) inadequate 
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Figure 1. Raingage sites used for Lake Michigan diversion accounting purposes. See 
Table 1 for abbreviations. 
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Figure 2. Raingage sites in northeastern Illinois. See Table 1 for abbreviations. 
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raingage exposure (e.g., gages situated on rooftops or too near natural or man-made, flow-
restricting obstructions), and 2) different observing, data reduction, and quality control 
practices used by the individual groups responsible for operating the raingages and gathering 
their data (National Weather Service - NWS, Metropolitan Water Reclamation District of 
Greater Chicago - MWRDGC, and City of Chicago - CC). Vogel (1988) established that 
the unusual precipitation patterns began occurring in the late 1960s when changes were 
made in the collection and reduction of some of this data. The raw data from Water Years 
1988 and 1989 (1 October 1987 through 30 September 1988, and 1 October 1988 through 
30 September 1989, respectively) again exhibited unusual patterns (Figure 3). Both indicate 
very low precipitation totals in the northeastern, central, and southeastern parts of the 
region, with general maxima in the north central and south central sections. Particularly low 
were the totals at Glenview, Skokie North Side Sewage Treatment Plant (STP), Erie 
Sanitary District Office (SDO), West Southwest STP, and Calumet STP. 
Vogel (1988) devised a procedure to adjust the questionable values, thus making the 
data suitable for use in the accounting procedure. This procedure, described later, was 
again used in this study to adjust the data collected during Water Years 1988 and 1989. The 
modifications made at each affected raingage and the new, modified spatial precipitation 
patterns for each of these water years are presented and discussed in succeeding sections. 
6 
Figure 3. Raw Water Years 1988 (Panel a) and 1989 (Panel b) precipitation patterns 
(inches) from original records. Dots indicate raingage sites (see Figure 1 for 
site names). 
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RAINGAGES AND DATA 
Thirteen raingages (Table 1 and Figure 1) used to evaluate precipitation within the 
Lake Michigan diversion accounting procedure for past water years were also used for 
Water Years 1988 and 1989. All are recording devices that collected hourly amounts of 
precipitation, except for the one at the Park Forest site. The device at Park Forest collected 
data on a daily basis for the preceding 24 hours. These raingages are managed by NWS, 
MWRDGC, and CC, which use various types of equipment. Three different types of 
recording gages were used: the weighing-bucket raingage at Chicago O'Hare AP and 
Chicago University, which measures to the nearest 0.01 inch; the Fischer-Porter raingage at 
Midway 3 SW, which measures to the nearest 0.10 inch; and the tipping-bucket raingage at 
the MWRDGC and CC sites, which measures to the nearest 0.01 inch. The raingage at 
Park Forest is a standard 8-inch stick nonrecording device. 
To generate meaningful spatial patterns, the hourly CC site at Jardine WPP, along 
with other daily NWS sites in northeastern Illinois (Table 1 and Figure 2), augmented the 
13 stations used for diversion accounting purposes. The Jardine WPP site has a tipping-
bucket raingage, while all of the NWS sites have nonrecording raingages similar to the Park 
Forest one. 
Data for all sites were provided by COE in digitized format. When checked against 
printed copies, some errors in these data were noted and corrected. Errors included 
sporadic values listed as "ERR" in the computer files that turned out to be non-zero. Data 
for the three NWS recording sites for September 1989 were erroneously listed as missing; 
these values were later added to the data set. Because the values at Jardine WPP for Water 
8 
Table 1. Raingage Locations in Cook County and Northeastern Illinois 
Raingages Used by the Accounting Procedure 
Glenview (MWRDGC) South WPP (CC) 
Skokie North Side STP (MWRDGC) Roseland PS (CC) 
Erie SDO (MWRDGC) Chicago O'Hare AP (NWS) 
West Southwest STP (MWRDGC) Chicago University (NWS) 
Calumet STP (MWRDGC) Midway 3 SW (NWS) 
Mayfair PS (CC) Park Forest (NWS) 
Springfield PS (CC) 
Additional Raingages Used in Storm Analysis 
Antioch (NWS) Jardine WPP (CC) 
Waukegan (NWS) Wheaton 3 SE (NWS) 
McHenry Lock & Dam (NWS) Aurora (NWS) 
Marengo (NWS) Joliet Brandon Road Dam (NWS) 
Barrington (NWS) Channahon/Dresden Island (NWS) 
Chicago Botanical Garden (NWS) Peotone (NWS) 
Elgin (NWS) 
Note: MWRDGC = Metropolitan Water Reclamation District of Greater Chicago, 
CC = City of Chicago, NWS = National Weather Service, SDO = Sanitary District Office, 
STP = Sewage Treatment Plant, PS = Pumping Station, WPP = Water Purification Plant, 
and AP = Airport. 
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Year 1989 duplicated values at South WPP, the erroneous values were discarded and 
replaced with the correct ones. 
Some data from Water Years 1988 and 1989 were missing due to out-of-service 
raingages. For 1988, the raingage at West Southwest STP was inoperative from 1 October 
1987 through 31 March 1988, while the Glenview site was out-of-service from 1 October 
1987 through 5 November 1987. For 1989, the Erie SDO site was out-of-service from 12 
June 1989 through 12 July 1989. Although the site at South WPP had a monthly total of 
5.10 inches in July 1989, no hourly readings were available; as a result, the total was 
disaggregated into hourly readings during the adjustment process. 
EVALUATION OF PRECIPITATION DATA FOR WATER YEARS 1988 AND 1989 
The hourly precipitation data for each of the recording raingages were organized 
chronologically in a matrix with stations as columns and the year, month, day, hour, and data 
values comprising the rows. This data matrix was used to check for possible time 
inconsistencies and to divide the data into storm periods. For this study and its 
predecessors, a storm was defined as a precipitation period separated from preceding and 
succeeding precipitation periods by approximately 6 hours or more at all stations. This 
definition was used by Huff (1967) for an area of similar dimensions in central Illinois, by 
Vogel (1986) to define extreme storm events in the Chicago area, and by Vogel (1988, 1989, 
1991) and Peppier (1990) to define storms for Water Years 1984-1987. 
Overall, 82 individual storms were defined for Water Year 1988; 109, for Water Year 
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1989. The 1988 number was low because the unusual drought of late spring/early summer 
1988 was included. In fact, over the 11-county, northeastern Illinois region, which includes 
Boone, McHenry, Lake, DeKalb, Kane, DuPage, Cook, LaSalle, Kendall, Grundy, and Will 
Counties, May-June 1988 ranked as the driest May-June period over the 1895-1988 historical 
record, while April-August 1988 was the second driest for that five-month period (Kunkel 
and Angel, 1989). Storm values were plotted using all available data and stations, and 
isohyetal patterns were drawn for each storm. The NWS sites were given more weight when 
defining isohyetal patterns because of the exposure problems previously noted for the 
MWRDGC and CC sites. After a generalized precipitation pattern was obtained for each 
storm, an adjusted storm total was estimated at each site deemed "questionable" for that 
storm by using the isohyetal pattern. Water year totals were helpful for initially determining 
which sites were unusually low. For both water years, totals were particularly suspect at 
Glenview, Skokie North Side STP, Erie SDO, West Southwest STP, and Calumet STP, but 
adjustments were also made at other sites. In addition, wind information (usually the 
resultant direction and speed at Chicago O'Hare AP) and the known urban effect in the 
area (Changnon, 1980) were also taken into account when adjusting values. The adjusted 
storm totals were then distributed into hourly values using the existing hourly percentage 
breakdown of the uncorrected precipitation at the sites in question. If data were missing 
or a previous zero value was increased, the hourly breakdown at the nearest neighboring site 
was used instead. 
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Water Year 1988 
For Water Year 1988 (Table 2 and Figure 4), the largest cumulative storm 
adjustment (17.36) inches was made for West Southwest STP in the central part of the 
region. The large increase at this site is substantially explained by the fact that these data 
were missing for a six-month period from October 1987 through March 1988 when the 
raingage there was out-of-service. The other adjustments described below were made due 
to poor catchments at the various sites, unless otherwise noted. The second-highest 
adjustment (12.11 inches) was made at Calumet STP in the southern part of the region. 
This station has also been notoriously low during other recent water years because of 
extreme catchment problems. Adjustments at Calumet STP always closely follow the record 
at the nearby Roseland PS site. Another large adjustment (11.04 inches) was made for 
Skokie North Side STP in the northeastern part of the region. Other adjustments of note 
(6.78 and 6.43 inches) were made for the Glenview and Erie SDO sites, respectively. 
Glenview's increase was partially caused by an inoperative raingage from 1 October 1987 
through 5 November 1987. All other adjustments were 3.05 inches (Springfield PS) or less. 
Slight adjustments of less than 1 inch were made at NWS sites at Park Forest, Midway 3 
SW, and Chicago University. No adjustments were made at Chicago O'Hare AP, which was 
considered the "benchmark" site. 
Figure 5, a companion to Figure 4, shows the adjustments on a percentage-change 
basis (also see Table 2). The pattern is similar to that in Figure 4: the largest percentage 
changes were at West Southwest STP, Calumet STP, Skokie North Side STP, Erie SDO, and 
Glenview (61.3, 42.4, 36.9, 26.6, and 22.7 percent, respectively); other adjustments were 10 
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Table 2. Cumulative Corrections and Percent Changes for the Raingages used in 
Accounting Procedure for Water Year 1988 
the 
Raingage Site Cumulative 
Correction (inches) 
Percent Change 
Glenview +6.78 +22.7 
Skokie North Side STP + 11.04 +36.9 
Erie SDO +6.43 +26.6 
West Southwest STP + 17.36 +61.3 
Calumet STP + 12.11 +42.4 
Mayfair PS +0.09 +0.3 
Springfield PS +3.05 + 10.1 
South WPP +2.30 +7.8 
Roseland PS + 1.59 +5.7 
Chicago O'Hare AP 0.00 0.0 
Chicago University +0.57 +2.0 
Midway 3 SW +0.59 +2.1 
Park Forest +0.67 +2.3 
percent or less. These five stations also had large adjustments in other water years (see 
Peppier, 1990), as did Mayfair PS, which did not for Water Year 1988. 
The final, adjusted Water Year 1988 pattern for the Chicago/Cook County, Illinois 
region is given in Figure 6a (stations used in the accounting procedure, and this panel can 
be compared to Figure 3a), and a new, general pattern for northeastern Illinois is given in 
Figure 6b (all stations, but NWS daily stations with missing values were given less weight). 
Maxima exist over the DuPage County area, dominated by the Wheaton 3 SE site, the north 
central Chicago area centered on the Mayfair PS site, and along the north shore region in 
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Figure 4. Cumulative storm adjustments (inches) for Water Year 1988. 
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Figure 5. Percentage change of precipitation from original Water Year 1988 records. 
15 
Figure 6. Revised Water Year 1988 precipitation pattern for Cook County (Panel a, 
inches), and new pattern for northeastern Illinois (Panel b, inches). 
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Lake County. General minima exist along the Lake Michigan shoreline near the downtown 
Chicago area and spread southwest towards Joliet, and also over the northwestern part of 
the domain. The high in the north central Chicago area corresponds to the urban-related 
effect (i.e., rainfall enhanced by the urban environment) noted by Changnon (1980) using 
data from 1931-1978. Lower values near portions of the Lake Michigan shoreline may be 
related to the stabilizing influence of the lake on convective precipitation, particularly during 
the warm season. 
Water Year 1989 
For Water Year 1989 (Table 3 and Figure 7), the largest cumulative storm 
adjustment (27.40 inches) was made (all adjustments due to poor catchment, unless 
otherwise noted) for Calumet STP in the southern part of the region. The second-highest 
adjustment (13.75 inches) was made at West Southwest STP in the central portion of the 
region. Large adjustments (11.15 and 10.35 inches ) also were made at Skokie North Side 
STP in the northeastern part of the region and at Erie SDO near the lake, respectively. The 
gage at the latter site was also inoperative during parts of June and July 1989. Other 
adjustments of note were made for the Glenview, Chicago University, and Roseland sites 
(6.53, 4.93, and 4.39 inches, respectively). All other adjustments were 3.14 inches 
(Springfield PS) or less. Slight adjustments of less than 2 inches were made at NWS sites 
at Midway 3 SW and Park Forest. Again, no adjustments were made at Chicago O'Hare 
AP. 
Figure 8 is a companion to Figure 7, and shows the adjustments on a percentage-
change basis (also see Table 3). The pattern is similar to that in Figure 7, with the largest 
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Table 3. Cumulative Corrections and Percent Changes for the Raingages Used in 
Accounting Procedure for Water Year 1989 
the 
Raingage Site Cumulative 
Correction (inches) 
Percent Change 
Glenview +6.53 + 18.7 
Skokie North Side STP + 11.15 +30.8 
Erie SDO + 10.35 +27.4 
West Southwest STP + 13.75 +35.8 
Calumet STP +27.40 +63.8 
Mayfair PS +2.03 +5.2 
Springfield PS +3.14 +8.0 
South WPP + 1.09 +2.4 
Roseland PS +4.39 + 10.2 
Chicago O'Hare AP 0.00 0.0 
Chicago University +4.93 + 11.5 
Midway 3 SW + 1.53 +3.9 
Park Forest +0.89 +2.0 
increase at Calumet STP, West Southwest STP, Skokie North Side STP, Erie SDO, and 
Glenview (63.8,35.8,30.8,27.4and 18.7percent, respectively). All others adjustments were 
11.5 percent or less. These five stations had the largest adjustments in Water Year 1988 as 
well. The final, adjusted Water Year 1989 pattern for the Chicago/Cook County, Illinois 
region is given in Figure 9a (stations used in the accounting procedure, and this panel can 
be compared to Figure 3b), and a new, general pattern for northeastern Illinois is given in 
Figure 9b (all stations, but those NWS daily stations with missing data were given less 
weight). Maxima exist over the southeastern portion of the region, with highs at South 
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Figure 7. Cumulative storm adjustments (inches) for Water Year 1989. 
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Figure 8. Percentage change of precipitation from original Water Year 1989 records. 
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Figure 9. Revised Water Year 1989 precipitation pattern for Cook County (Panel a, 
inches), and new pattern for northeastern Illinois (Panel b, inches). 
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WPP, Park Forest, and Peotone, with this zone stretching northward and westward up 
through Chicago O'Hare AP. General minima exist over the northern portion of the region 
and down through DuPage County into northern Will County. Values are also a bit lower 
along Lake Michigan north of the Chicago University site. The urban influence in the north 
central Chicago area is less pronounced but does appear as part of the zone of higher values 
stretching northward from the southeast. The lowering of values near the lake is less 
evident in this water year. 
SUMMARY 
Data from raingages used in an accounting procedure for Lake Michigan water 
diversion into Illinois were analyzed for Water Years 1988 and 1989. As was the case for 
Water Years 1984-1987, some of the raingages were found to have underestimated the 
precipitation that fell. Using a procedure devised by Vogel (1988) for Water Year 1984, 
adjustments were made to the original data, and updated precipitation patterns and totals 
were developed. Estimates were also made at those sites where data were missing during 
these water years. The adjusted data have been provided to the COE, Chicago District, in 
both floppy disk and hard copy formats. 
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